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This was followed by the development of a quite different method by Hund, Mulliken and J. Lennard-Jones, the method of molecular orbitals. It should perhaps be emphasized at this point that this is also only a first approximation.
The principal explanation of chemical valency forces, according to the atomic orbital treatment of Heitler and London, arises from the indistinguishability of similar particles in quantal space. The eigenfunctions describing the molecular system are composed of atomic orbitals which retain their original spherical symmetry.
On the other hand, molecular orbital theory ascribes chemical valency forces to an extreme distortion of the individual one-electron eigenfunctions, the product of which is the molecular eigenfunction.
Depending We shall apply this method to the hydrogen molecule and then generalize the results to more complicated cases.
The Self-Consistent Field Applied to the Hydrogen Molecule.-Using the method of Fock1 we find the following set of equations for the hydrogen molecule: (1) ei is the energy of the ith electron in the coulombic and exchange field of the other electron.
The correct antisymmetric eigenfunction for the ground state of the hydrogen molecule has the form
As a first approximation we use the eigenfunction '' = < 52 { ((a(1) + X Ob(1))(Xpa(2) + plob(2)) + (9a(2) + -\2 + 2S2 X9'b(2))(X oa (1) will appear la-_er we shall refer to this first approximation, the eigenfunction of equation (6) (<>a + 0.14(pb); (1.04(Pa + SVb).
In this calculation the inner electrons are assumed to be unchanged.
This assumption is borne out by the small amount of distortion which the fluorine atomic orbital undergoes. This distortion is assisted by a large exchange force. In the case of the other non-bonding electrons the distortion is opposed by slightly weaker exchange forces. If the valence electron orbital of fluorine is only slightly distorted, it seems likely that the non-valence electron orbitals are practically unchanged. Calculations with the semi-localized orbitals have now been made for two extreme cases of chemical binding. In both cases considerable improvement in numerical results has been obtained. Several general conclusions seem to be in order. Indiscriminate use of either molecular or atomic orbital methods may lead to nonsensical results, for example, the atomic orbital calculation of the binding energy of hydrogen fluoride. In any domain the semi-localized orbital method is necessarily superior. In the two cases considered the molecular eigenfunction belongs to an irreducible representation of the molecular point symmetry group. The individual electronic eigenfunctions do not by themselves belong to any such irreducible representation. Hence the molecular orbital formalism is not correct for either molecule considered. It seems likely that this formalism may hold only for the trivial case of a completely ionic bond.
The basis for such a conclusion is that for the highly ionic bond of hydrogen fluoride the identity of semi-localized and molecular orbitals is far from being complete.
In any case the exploitation of the method of semi-localized orbitals appears to be a profitable undertaking. 
